Among older people, the detection and control of hypertension is particularly important to reduce cardiovascular disease risk. This cross-sectional survey aimed to describe the detection, treatment and control of hypertension in older British adults. A total of 3059 women and 3007 men aged 60-79 years were randomly selected from general practice age/sex registers in 24 British towns and examined from 1998 to 2001. Of these, 52.6% women and 47.9% men had at least one indicator of hypertension (high blood pressure on examination, or taking antihypertensive medication or recalled a doctor diagnosis of high blood pressure). Among women, 50% of those with any indication of hypertension were on treatment and 29% were well controlled, and among men 45% were on treatment and 16% were well controlled. With the exception of alcohol use in men (adjusted odds ratio 0.67 (0.46, 0.98)), socioeconomic factors, area of residence and behavioural risk factors were not associated with good control among those with hypertension in either sex. Of those on treatment, 20.7% of women and 28% of men were on two classes of antihypertensive medication and 3.5 and 4.9%, respectively, were on three or more classes of antihypertensive medication. Among those with a doctor diagnosis of hypertension and taking antihypertensive medication, the proportion with well controlled blood pressure did not differ between those on more than one antihypertensive and those on just one in either sex. We conclude that targets of good control are rarely met in older individuals, who would benefit from the associated reduction in cardiovascular disease risk.
Introduction
The detection and control of hypertension reduces cardiovascular disease risk -the benefits are particularly marked among older people. [1] [2] [3] [4] In the 1970s, the finding that in the US and elsewhere, only half of all adults with hypertension were detected, of these, only half were treated, and of these only half were well controlled has been described as the 'rule of halves'. 5, 6 Subsequently, it has been shown that the detection and treatment of hypertension in many industrialized countries has improved, but that the proportion with optimal control remains low. [7] [8] [9] [10] [11] [12] Two recent studies focusing on older people living in a northern region of Britain found that while detection and treatment of hypertension has improved, less than 50% of those identified and treated were well controlled. 8, 9 In a nationally representative sample of adults aged 65 years and above who participated in the Health Survey for England (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) , levels of treatment and control were generally poor, although mean blood pressures and the proportion with controlled blood pressure improved over time. 10, 13, 14 However, these studies neither examine regional variations in management and control of blood pressure in older individuals, nor did they look at factors associated with well controlled blood pressure. The aim of this paper is to describe the detection, treatment and control of hypertension in older British adults using data from two nationally representative cohorts of adults aged 60-79 years.
Materials and methods
Cross-sectional data from two prospective studies of cardiovascular disease were used, corresponding to the baseline examination of women in the British Women's Heart and Health Study (BWHHS) undertaken between 1999 and 2001 in 23 towns and the 20-year follow-up of men in the British Regional Heart Study (BRHS) undertaken between 1998 and 2000 in 24 towns. These provided information on 4286 women (60% response among those invited) aged 60-79 years and 4252 men (76% response among survivors) aged 58-81 years. Similar protocols, measurements and questionnaires were used in both studies and details of these have been published previously. 15, 16 UK local (for each of the towns) and central ethics committee approvals were obtained for both cohort studies and participants provided informed written consent for us to access their medical records.
A Dinamap 1846SX vital sign monitor was used to measure blood pressure. We have previously shown that this machine systematically overestimates systolic blood pressure by 8 mm Hg when compared to a Hawksley random zero sphygmomanometer, 17 and all measurements were corrected for this bias before further analyses. Measurements were taken twice in succession with a 1-minute interval, with the participant seated. The mean of the two measurements was used in all analyses. At the research nurse interview, all participants brought their current medications and gave details of their drug history. Participants were coded as taking antihypertensive medications if they were currently using medications listed in Sections 2.2.1 (Thiazide diuretics), 2.2.8 (Diuretics with potassium), 2.4 (Beta-blockers), 2.5 (Drugs affecting the renin-angiotensin system and some other antihypertensive drugs), 2.6.2 (Calcium channel blockers) of the British National Formulary (BNF). 18 All participants were asked the reason for taking each medication and this information was then used in coding drug names. If the participant was unable to state why they were taking a potential antihypertensive, they were assumed to be taking it for hypertension. In the health questionnaire, participants were asked if they had ever been diagnosed as having high blood pressure by a doctor. Thus, we examined three aspects of hypertension: (1) those with high blood pressure at the physical examination, (2) those taking blood pressure medication and (3) those who recalled a doctor diagnosis of high blood pressure. The definition of high blood pressure was based on the cutoff point for British Hypertension Guidelines 2004, 19 grade 2 hypertension as a systolic of X160 mm Hg or a diastolic X100 mm Hg. This conservative level was chosen as measurements were taken on one occasion and owing to regression to the mean, 20 and whitecoat hypertension may be an overestimate of each participant's underlying blood pressure.
For individuals who recalled a doctor diagnosis and/or taking antihypertensive medication, we explored factors associated with having well controlled blood pressure. Well controlled blood pressure was defined as a systolic of p150 mm Hg/ diastolic p90 mm Hg. This is in close agreement with the recommendations for good blood pressure control for audit purposes in the British Hypertension Guidelines 19 and is the target defined in the Quality and Outcome Framework of the British general practitioners contract. The factors considered as a priori potential explanatory characteristics of good control were age (60-69 versus 70-79 years), cigarette smoking (never, past, current), obesity (body mass index X30 versus o30 kg/m 2 ), physical inactivity (o2 versus X2 h/week of vigorous/moderate activity), alcohol consumption (consumes alcohol less frequently than daily versus consumes alcohol daily or almost every day), education level (finished full-time studies before 16 years versus finished at 16 years or later), adult social class, taking a non-steroidal anti-inflammatory (NSAID) (BNF code: 10.1.1) and area of residence. We also examined the number and type of antihypertensives used by subjects and their effect on blood pressure control. Full details of the measurements of these characteristics have been previously reported. 15, 16 We specifically examined the effects of NSAIDs since these are commonly prescribed medications for arthritis and because they may antagonize the effects of antihypertensive drugs. 21 
Statistical methods
In these analyses, all participants with a current or previous clinical diagnosis of cardiovascular disease (defined as myocardial infarction, angina or stroke), based on medical record review or patient recall by questionnaire, were excluded as the definitions for hypertension and thresholds for its treatment and control differ from those without established disease. Percentages are presented with 95% confidence intervals (CI) calculated using the exact binomial method. Multiple logistic regression was used to assess the association of potential explanatory variables (as above) with well controlled blood pressure among those with either recall of a doctor diagnosis and/or use of antihypertensive medication. Crude associations were first examined and then all potential explanatory variables were included in the same model to assess their independent effects. In all analyses, robust standard errors, taking into account possible non-independence between participants from the same towns, were used to estimate confidence intervals and P-values. However, the intraclass correlation coefficients were small (0.01 in women and 0.007 in men for both systolic and diastolic blood pressure).
Results
Of the 4286 women and 4157 men aged 60-79 years, 763 (17.8%) and 1024 (24.6%), respectively, had a clinical diagnosis of cardiovascular disease and were therefore excluded from further analyses. Of the 3523 women eligible for inclusion in this study, 3059 (87%) had complete data, and of the 3133 men eligible for inclusion, 3007 (96%) had complete data. Women with complete data were on average 1.1 years younger (P ¼ 0.001), more likely to have studied after 16 years of age (39.4 versus 30.1%, P ¼ 0.001) and more likely to come from South East England than any other area (32.9 versus 26.9%, P ¼ 0.001), than those without complete data. Men with complete data, compared to those without complete data, had similar findings, being 0.7 years younger (P ¼ 0.12) and more likely to have studied beyond 16 years (41.3 versus 27.1%, P ¼ 0.003), but with no difference in the region they came from. All further analyses are conducted on the 3059 women and 3007 men without clinical diagnoses of cardiovascular disease and who have complete data on all indicators of hypertension. Figure 1 shows the overlap of different indicators of hypertension in women and men. In total, 52.6% of women and 47.9% of men had some indication of hypertension. Table 1 shows the extent of treatment and control for different indicators of hypertension. Of those who were identified at the examination as having high blood pressure, 35.4% of women and 32.1% of men were on treatment. All women and 89.7% of men who were on antihypertensive medication reported being told by a doctor that they had high blood pressure. Of those on medication, 39.1% of women and 27.6% of men had well controlled blood pressure. Older adults were more likely to have any indication of hypertension (Po0.001 in women and men) and were less likely to have well controlled blood pressure (Po0.001 in women and P ¼ 0.012 in men).
Socioeconomic factors, area of residence and behavioural risk factors were not associated with good control in either sex, with the exception of Any of: told by doctor had high blood pressure, high blood pressure at examination or on blood pressure medication.
High blood pressure in older British adults frequent use of alcohol in men, which reduced the odds of good control (adjusted odds ratio 0.67 (0.46, 0.98)) ( Table 2 ). Among women, those who were taking a NSAID were more likely to have well controlled blood pressure even with adjustment for the number of blood pressure medications the woman was taking, whereas men showed the opposite effect (P-values for interaction with sex ¼ 0.002 in unadjusted model and 0.003 in adjusted model). When we repeated all of the analyses presented in Table 2 using difference in mean blood pressure (blood pressure as a continuous variable) as the outcome rather than a dichotomy of whether there was good control or not, the findings were broadly consistent with those in ) for diastolic). Area of residence was associated with diastolic blood pressure with the North having higher levels compared to the South (mean difference 2.9 (95% CI: 1.1, 4.7)). Use of NSAID medication was associated with reduced diastolic blood pressure (mean difference À1.57 mm Hg (95% CI: À3.17, 0.00)), but was not associated with systolic blood pressure (P ¼ 0.9) in women. In men use of NSAID medication was not associated with either diastolic or systolic blood pressure (adjusted P-value for both 40.3). 
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Of the 799 women on blood pressure medication, the majority 75.8% were on a single drug, most commonly a thiazide diuretic; 20.7% were on two (most commonly an angiotensin-converting enzyme (ACE) inhibitor in combination with a thiazide diuretic or beta-blocker) and 3.5% were on three or more classes of medication. In the 575 men who were on blood pressure medication, a similar pattern was found with 67.3% treated with a single drug, most commonly a beta-blocker, 28% on two classes (most commonly a thiazide diuretic in combination with an ACE inhibitor) and 4.9% on three classes of medication or more. The proportion of those with well controlled blood pressure did not vary between those taking none, one or two or more classes of antihypertensive in either sex (Table 3) . Among men, mean diastolic blood pressure was lower in those on two or more classes of antihypertensive compared to those on just one or not on treatment.
Discussion
We found that approximately 50% of older British adults had at least one indicator of hypertension. However, the control of blood pressure was poor for both sexes. These findings are consistent with those of previous studies of older adults. 9, 10, 14 Our study adds to this earlier work by examining factors that are associated with control. Encouragingly, the lack of any strong associations of control with socioeconomic factors and area of residence in either sex suggests that inequity in patterns of blood pressure care is limited or absent in this study population. For both women and men, being on more than one category of drug was not associated with better control.
Study limitations
For women, we had a 60% response rate and for men a 76% response from surviving participants in a cohort recruited 20 years earlier. Thus, these groups may not be representative of the target population of older British adults. However, the social class differences for both groups are similar to those of the 1991 and 2001 census for the same age groups, and there was no difference in general practitioner-recorded coronary heart disease (CHD) between responders and non-responders in the women's study. 22 For both sexes, those who were excluded because of missing data tended to be older and less well educated. As hypertension is more prevalent among older age groups, this may lead to an underestimate of its prevalence. Although the studies were carried out in general practices that have been involved in the British Regional Heart Study for over 20 years, no attempt has ever been made to influence clinical or preventive practice. Any influence on clinical practice occurring Abbreviations: BP, blood pressure; CI, confidence interval; OR, odds ratio.
High blood pressure in older British adults R Patel et al through participation might make the results more optimistic than would be the case for the country as a whole. We used participants' self-report of ever being told by a doctor they had high blood pressure rather than assessment of clinical notes. It is possible that this is an overestimation of those with a true clinical diagnosis. Our study was conducted between 1998 and 2001, since this time new guidelines for hypertension and new requirements with regards to hypertension in UK general practice have been introduced. 19, 23 Therefore, our results will form a useful baseline and allow comparisons to any changes in practice that might occur as a result of these new policies. Based on trial evidence, we anticipated that those on greater numbers of medication would have better control, 24 but we did not find this. One possible explanation is that adherence to treatment is worse in those prescribed a greater number of medications, and therefore in real life, as opposed to in the context of a trial, lack of adherence means that better control is not achieved with greater numbers of medication. However, we do not have information in our study on adherence. We asked women to report on treatments that they were actually taking and therefore anticipate that this was the case. Our findings with regard to use of NSAIDs in women are surprising as these drugs are often associated with worse blood pressure control. The protective effect in women may reflect use of NSAIDs acting as a proxy for a greater number of consultations with health professionals and as a result better treatment and control of their blood pressure, although why the same effect would not be seen in men is unclear. It should be noted that we had no a priori hypothesis regarding a gender interaction with use of NSAIDs and post hoc subgroup findings such at this should be treated with caution.
Implications
The majority of people in our study were prescribed only a single antihypertensive. This prescribing pattern is not in line with trials of hypertensive therapy in which about one-half of patients have been found to need treatment with more than one drug to achieve good control; 23 in the Hypertension Optimal Treatment (HOT) trial of those achieving a diastolic of p90 mm Hg, 63% were on combination therapy. 24 Thus, our findings suggest that treatment regimens among older adults in Britain may be inadequate. Our finding that those on any treatment and those on more than one medication were not better controlled than those not treated is at odds with the trial findings. It is possible that poor adherence, as discussed above, may explain this; it is also possible that doctors are anxious about aggressive treatment among older individuals because of a fear of hypotension and falls and as a result prescribe lower doses of drugs than required to achieve adequate control. 25 In our observational study, unlike in randomized trials, it is also possible that the lack of greater effect of combination therapy reflects the fact that those on combination therapy have more 'resistant to control' blood pressure. The high proportion of men taking a beta-blocker as their sole treatment is of some concern, given recent evidence of increased risk of stroke compared with other antihypertensive drugs derived from a meta-analysis of randomized trials. However, effects on all-cause mortality and CHD mortality were similar between beta-blockers and other drug regimens, and being on beta-blockers was of greater benefit than not being on an active drug. 26 Primary care doctors will have to weigh up carefully the likely effects of changing patients from familiar and, presumably, well-tolerated beta-blocker treatment to other regimens.
The thresholds used to define both hypertension and good control have reduced with subsequent production of national and international guidelines. 27 Current guidelines result in large numbers of elderly individuals being defined as having hypertension and being eligible for treatment. Over the last three decades since the rule of halves was first coined most evidence suggests that targets of good control are rarely met in the general population. Our results demonstrate that blood pressure control in an elderly population, who are at higher cardiovascular disease risk, remains poor. We identified no other factors that might explain this finding, apart from inadequate monitoring. It is possible that despite current hypertension guidelines some general practitioners may use different thresholds at which to start treatment of high blood pressure in older individuals and set different targets for control and patients may also be exercising their rights to take decisions about their care. 27 Although overall there appears to be a slight improvement in blood pressure control over time, 14 with the future increase in numbers in the elderly population, further research is required to examine the issues, both patient related and health service related, that affect the control of blood pressure and to evaluate methods by which better control can be achieved in this age group.
What is known on this topic K The detection and control of hypertension reduces cardiovascular disease risk, with clear benefits among older people.
K
The detection and treatment of hypertension in many industrialized countries has improved in recent decades, but the proportion with optimal control and the factors associated with control among older age groups is unknown.
What this study adds

K
Control of blood pressure among older British women and men with hypertension was poor.
Socioeconomic factors and area of residence were not associated with good blood pressure control in either sex.
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